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[ Title of the Invention] IMAGE FORMING APPARATUS 

[ ABSTRACT] 

[ Object] To prevent toner and air in a mixed state 

from entering a developing apparatus and to prevent the 
toner from leaking through a gap or opening of the 
developing apparatus together with air and from flying 
in all directions. 

[ Solving Means] A toner carrying unit 12 for mixing 

toner T with air, fluidizing them, and carrying them to 
a developing apparatus 4, a separating unit 13 for 
separating the gaseous mixture sent by the toner 
carrying unit 12 into toner and air and mainly supplying 
only the toner to the developing apparatus 4, and a 
circulating route 14 for returning the air sorted by the 
separating unit 13 to the toner carrying unit 12 to 
recycle it are used, in which the separating unit 13 has 
a separating chamber 13b formed to receive the gasepus 



mixture sent through the circulating route 14 ^ move the 
toner in the gaseous mixture downward, and lead the 
toner to the developing means, an impeller 51 provided 
with a plurality of blades and set into the lower 
portion of the separating chamber so as to be rotatable 
about a horizontal axis, and a sealing member 52 for 
sealing the gap between the impeller 51 and the inner 
wall of the separating chamber so as to lead the toner T 
into the developing apparatus 4 while preventing the 
gaseous mixture from entering the developing apparatus 4 
through the separating chamber 13. 
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[ CLAIMS] 

[ Claim IL An image forming apparatus comprising: an 

image bearing member, developing means for supplying 
fine-particle toner to an electrostatic latent image 
formed on the image bearing member to develop the image, 
a toner carrying unit for mixing toner with air, 
fluidizing the toner and air, and carrying them to the 
developing means, separating means for separating the 
gaseous mixture sent from the toner carrying unit into 
toner and air and supplying only the toner to the 
developing means, and a circulating route for returning 
the air sorted by the separating means to the toner 
carrying unit to recycle it, characterized in that 
the separating means has a separating chamber 
formed to receive the gaseous mixture sent through the 
circulating route, move the toner in the gaseous mixture 
downward, and lead the toner into the separating means, 
a gate valve set to prevent the gaseous mixture from 
entering the developing means through the separating 
chamber. 

[ Claim 2] An image forming apparatus comprising an 

image bearing member, developing means for supplying 
fine-particle toner to an electrostatic latent image 
formed o the image bearing member to develop the image, 
a toner carrying unit for mixing toner with air, 
fluidizing the toner and air, and carrying them to the 
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developing means, separating means for separating the 
gaseous mixture sent from the toner carrying unit into 
toner and air and supplying only the toner to the 
developing means, and a circulating route for returning 
the air sorted by the separating means to the toner 
carrying unit to recycle it, characterized in that 

the separating means has a separating chamber for 
receiving he gaseous mixture sent through the 
circulating route and a screw pump for separating the 
gaseous mixture entering the separating chamber into 
toner and air and leading only the toner into the 
developing means . 

[ Claim 3] An image forming apparatus comprising an 

image bearing member, developing means for supplying 
fine-particle toner to an electrostatic latent image 
formed o the image bearing member to develop the image, 
a toner carrying unit for mixing toner with air, 
fluidizing the toner and air, and carrying them to the 
developing means, separating means for separating the 
gaseous mixture sent from the toner carrying unit into 
toner and air and supplying only the toner to the 
developing means, and a circulating route for returning 
the air sorted by the separating means to the toner 
carrying unit to recycle it, characterized in that 

the separating means has a shorting chamber formed 
to receive the gaseous mixture sent through the 



5 



circulating route, move the toner in the gaseous mixture 
downward, and lead the gaseous mixture into the 
developing means, an impeller provided with a plurality 
of blades and set to the lower portion in the separating 
chamber so as to be rotatable about a horizontal axis, 
and a sealing member for sealing the gap between the 
impeller and the inner wall of the separating chamber, 
and leads the toner into the developing means while 
preventing the gaseous mixture from entering the 
developing means through the separating chamber by 
rotating the impeller. 

[ Claim 4] The image forming apparatus according to 

claim 3, characterized in that the impeller rotates by 
interlocking with a rotational component in the 
developing means. 

[ Claim 5] The image forming apparatus according to 

any one of claims 1 to 4, characterized in that the 
developing means is constituted so that it can be set to 
or removed from the separating means. 
[ DETAILED DESCRIPTION OF THE INVENTION] 
[ 0001] 

[ Field of the Invention] 

The present invention relates to an electronic- 
photography-type image forming apparatus such as a 
complex machine having a printer, facsimile machine, and 
copying machine or functions of these equipments. 
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particularly to an image forming apparatus constituted 
so as to mix fine-particle toner with air, fluidize them, 
carry them to developing means, and recycle air,. 
[ 0002] 

[ Conventional Technique] Conventionally, some 

electronic-photography-type image forming apparatuses 

respectively have a toner recycling mechanism for 

I 

recollecting toner left on image bearing member by 
cleaning means after transfer processing and returning 
the toner to a developing apparatus again to cycle it. 
As this type of the toner recycling mechanism, a 
mechanism is Icnown which is constituted so as to carry 
unused toner and recollected toner to developing means 
in accordance with air flow (refer to the official 
gazette of Japanese Patent Publication No. 3308/1988) . 
FIG. 7 is an exploded perspective view of an essential 
portion of a conventional toner recycling mechanism and 
FIG. 8 is a sectional view of an essential portion of 
toner recycling mechanism. The toner recycling 
mechanism has a cleaning unit 114 for recollecting the 
toner attached to and left on a photoconductor serving 
as an image bearing member, a toner feeding unit 115 for 
feeding the recollected toner to a toner carrying system, 
and a fine-particle pump 103 for mixing the recollected 
toner with air and fluidizing and carrying them, which 
recollects the toner attached to and left on a 
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photoconductor 101 by a cleaning blade 114a to recollect 
it, mixes the recollected toner with air by the toner 
feeding unit 115 and fine-particle pump 103, feeds the 
toner and air to a transfer pipe 105, and thereby 
transfers them to developing means 102 to recycle them. 
In this case, the recollected toner discharged from a 
discharging pipe 114b is dropped into the toner feeding 
unit 115 and fed to the fine-particle pump 103 by a 
horizontal carrying screw 115b set along the bottom in 
the unit 115. The horizontal carrying screw 115b is 
integrally connected with a rotor 103b of the fine- 
particle pump 103, the rotation driving force of a 
driving motor 116 is transferred to the horizontal 
carrying screw 115b through a pulley 116a and a belt 
116b, and thereby the horizontal carrying screw 115b and 
the rotor 103b of the fine-particle pump 103 are rotated 
at the same time. Moreover, toner is agitated in a 
stator 103a of the fine-particle pump 103 and forcibly 
sent due to the rotation of the rotor 103b and fed into 
a transfer pipe 105a through an exit 103d formed at the 
front end of a holder 103c for housing the stator 103a. 
In this case, compressed air is introduced into the 
holder 103c through an air transfer pipe 104a from an 
air pump 104, and toner is mixed with the air when 
discharged from the exit 103d and the toner and air are 
fluidized and fed into the transfer pipe 105. 



8 



[ 0003] 

[ Problems to Be Solved by the Invention] However, in 

the case of the conventional image forming apparatus 
constituted so as to mix toner with air, fluidize the 
toner and air, and carry them to a developing apparatus, 
the toner and air enter the developing means 102 while 
the toner and air are mixed and fluidized. ^ Therefore, 
there is a problem that the toner leaks from a gap or 
opening of the housing of the developing apparatus 102 
and fly in all directions to deteriorate the image 
quality. Therefore, an problem to be solved by the 
present invention is to prevent toner and air from 
entering developing means while the toner and air are 
mixed and prevent the toner from leaking through a gap 
or opening of the developing means together with air and 
flying in all directions in an image forming apparatus 
constituted so as to mix fine-particle toner with air, 
fluidize the. toner and air, carry them to developing 
means, and recycle the air. 
t 0004] 

t Means for Solving the Problem] To solve the above 

problem, the invention of claim 1 uses an image forming 
apparatus provided with an image bearing member on which 
an electrostatic latent image is formed correspondingly 
to an image to be formed and developing means for 
supplying fine-particle toner to the electrostatic 
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latent image formed on the image bearing member and 
developing the latent image, characterized in that the 
following are included: a toner carrying unit for mixing 
toner with air, fluidizing the toner and air, and 
carrying them to the developing means, separating means 
for separating the gaseous mixture sent from the toner 
carrying unit into toner and air and mainly jsupplying 
only the toner to the developing means, and la 
circulating route for returning the air sorted by the 
separating means to the toner carrying unit to recycle 
it while the separating means has a separating chamber 
formed to receive the gaseous mixture sent through the 
circulating route, mode the toner in the gaseous mixture 
downward, and lead the toner into the developing means 
and a gate valve formed to prevent the gaseous mixture 
from entering the developing means through the 
separating chamber. Moreover, the invention of claim 2 
uses an image forming apparatus provided with an image 
bearing member on which an electrostatic latent image 
corresponding to an image to be formed is formed and 
developing means for supplying fine-particle toner to 
the latent image formed on the image bearing member to 
develop the latent image, characterized in that the 
following are included: a toner carrying unit for mixing 
toner with air, fluidizing them, and carrying them to 
the developing means, separating means for separating 



10 



the gaseous mixture sent fro the toner carrying unit 
into toner and air and mainly supplying only the toner 
to the developing means, and a circulating route for 
returning the air sorted by the separating means to the 
toner carrying unit to recycle it while the separating 
means has a separating chamber for receiving the gaseous 
mixture sent through the circulating route and a screw 
pump for separating the gaseous mixture entering the 
separating chamber into toner and air and leading only 
the toner into the developing means. Furthermore, the 
invention of claim 3 uses an image forming apparatus 
provided with an image bearing member on which an 
electrostatic latent image is formed and developing 
means for supplying fine-particle toner to the 
electrostatic latent image formed on the image bearing 
member to develop the latent image, characterized in 
that the following are included: a toner carrying unit 
for mixing toner with air, fluidizing the toner and air, 
and carrying them to the developing means, separating 
means for separating the gaseous mixture sent from the 
toner carrying unit into toner and air and mainly 
supplying only the toner to the developing means, and a 
circulating route for returning the air sorted by the 
separating means to the toner carrying unit to recycle 
it while the separating means has a separating chamber 
formed to receive the gaseous mixture sent through the 
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circulating route, move the toner in the gaseous mixture 
downward, and lead the toner to the developing means, an 
impeller having a plurality of blades and set in the 
shorting chamber so as to be rotatable about a 
horizontal axis, and a- sealing member for sealing the 
gap between the impeller and the separating ;chamber and 
leads the toner into the developing means wh'ile. 
preventing the gaseous mixture from entering, the 
developing means through the shorting chamber by 
rotating the impeller. Furthermore, the invention of 
claim 4 premises the constitution of the apparatus of 
claim 3, characterized in that the impeller rotates by 
interlocking with a rotational component such as an 
agitating rod in the developing means. Furthermore, the 
invention of claim 5 premises the constitution of the 
apparatus of any one of claims 1 to 4, characterized in 
that the developing means is constituted so that it can 
be set to or removed from the separating means. 
[ 0005] According to the inventions of claims 1, 2, or 
3 constituted as described above, it is possible to 
prevent toner and air from entering developing means 
while they are mixed. Therefore, it is possible to 
prevent air from leaking from a gap or opening of a 
vessel of developing means together with toner and 
flying in all directions. Moreover, according to the 
invention of claim 4, it is possible to use a driving 



12 



source of a rotational component in developing means 
also as the driving source of the impeller claim 3. 
Therefore, it is not necessary to newly add a driving 
source in order to drive the impeller. Furthermore, 
according to the invention of claim 5, it is possible to 
set or remove developing means to or from separating 
means without disassembling a circulating route and a 
trouble does not occur that toner leaks from separating 
means even when driving toner carrying means while the 
developing means is removed because means (gate valve in 
the case of claim 1, screw pump in the case of claim 2, 
and impeller in the case of claim 3) for preventing a 
gaseous mixture from leaking to the developing means 
from a separating chamber. Particularly, in the case of 
claim 4, because the impeller of the separating means is 
removed from its driving source by removing the 
developing means from the separating means, it is 
possible to completely prevent the trouble. 
[ 0006] 

[ Embodiment of the Invention] Then, an embodiment 

of the present invention is described below by referring 
to the accompanying drawings. FIG. 1 is a general 
schematic view of an image forming portion of an image 
forming apparatus to which the present invention is 
applied, FIG. 2 is an exploded perspective view of an 
essential portion of a toner recycling mechanism, and 



13 



FIG. 3 is a longitudinal sectional view of an essential 
portion of a toner recycling mechanism. In FIG. 1, 
symbol 1 denotes a photoconductor serving as an image 
bearing member. The photoconductor 1 is formed to be 
cylindrical so as to be rotated clockwise (direction of 
arrow A) because the both ends of the photoconductor are 
supported by a not-illustrated side plate. An 
electrifying unit 2, exposing unit 3, developing 
apparatus 4, transf erring-carrying unit 5, and cleaning 
unit 6 are arranged along the rotational direction 
around the photoconductor 1. When forming an image, the 
outer periphery of the photoconductor 1 is uniformly 
electrified by the electrifying unit 2 and then, image 
light is irradiated by the exposing unit 3 and thereby, 
an electrostatic latent image corresponding to an image 
to be formed is formed. Thereafter, because toner is 
supplied to the electrostatic latent image on the 
photoconductor 1 from the developing unit 4 serving as 
developing means, the electrostatic latent image becomes 
a developed toner image. The toner image formed on the 
photoconductor 1 is transferred to transfer paper P 
supplied from a sheet feeding portion 7 through a resist 
roller 8. In this case, the transfer paper P is fed 
from the gap between a pair of resist rollers 8 in 
accordance with the timing when the front end of the 
toner image on the photoconductor 1 reaches the transfer 



14 

position which is the opposite position to a transfer 
belt 5a of the transf erring-carrying unit 5 and the 
toner image is transferred from the photoconductor 1 
while the toner is carried by the transfer belt 5a. 
Then, after the toner image for one image is transferred, 
the transfer paper P is fed to the gap between a pair of 
fixing rollers 9 by the transfer belt 5a andj fixed and 
thereby, an output image is formed on the transfer paper 
P. Then, the transfer paper P is discharged to a not- 
illustrated waste paper tray by a pair of waste-paper 
rollers 10. After the above series of processings, the 
remaining toner attached on the photoconductor 1 is 
scraped by a cleaning blade 6a and recollected. 
Moreover, because a cleaning unit 11 is also set on the 
transf erring-carrying unit 5, the toner remaining on the 
transfer belt 5a is scraped by a cleaning blade 11a and 
recollected- Furthermore, the toner T recollected by 
the both cleaning units 6 and 11 is returned into the 
developing apparatus 4 by a toner recycling mechanism. 
The developing apparatus 4 is constituted by a 
developing roller 4a for supplying the toner T to an 
electrostatic latent image formed on the photoconductor 
1, paddlers (agitating rods) 4b, 4c, and 4d for 
agitating and carrying toner, , a blade 4e for 
controlling the height of a toner layer at the periphery 
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of the developing roller, and a housing 4A for housing 
and holding the above components. 

[ 0007] As shown in FIGS. 1, 2, and 3, the toner 

recycling mechanism has the cleaning units 6 and 11, an 
air pump (toner carrying means) 15 for mixing the toner 
T recollected by the cleaning units 6 and 11 with air, 
fluidizing the toner and air, and carrying them to the 
developing apparatus 4, a separating unit 13 for 
separating the gaseous mixture sent from the air pump 15 
into the toner T and air and mainly supplying only the 
toner T to the developing apparatus 4, a circulating 
route for returning the air sorted by the separating 
unit 13 to the air pump 15 to recycle it, and a toner 
supplying unit 12 for supplying the toner T into the 
circulating route 14. as shown in FIG. 2, the toner 
supplying unit 12 is provided with a toner feeding unit 
12A for feeding the recollected toner recollected by the 
cleaning units 6 and 11 into a toner carrying system and 
a fine-particle screw pump 12B for supplying only the 
recollected toner T sent from the toner feeding unit 12A 
into the circulating route 14. The toner T recollected 
by the cleaning unit 6 and the toner T recollected by 
the cleaning unit 11 are discharged through discharge 
pipes 6b and lib respectively and dropped into the case 
19 of the toner feeding unit 12A. A horizontal carrying 
screw 16 is set in the case 19 along the bottom of the 
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case 19 and the toner entering the case .19 is fed to the 
fine-particle screw pump 12B by the horizontal carrying 
screw 16. The horizontal carrying screw 16 is 
integrally connected with the rotor 17 of the fine- 
particle screw pump 12B and the rotational driving force 
of a driving motor 20 is transferred to the, horizontal 
carrying screw 16 through a belt 21 and a pulley 21. 
Thereby, the horizontal carrying screw 16 and the rotor 
17 of the fine-particle screw pump 12B are rotated at 
the same time. Moreover, the toner T is forcibly sent 
while being agitated in the stator 23 of the fine- 
particle screw pump 12B and discharged into a merging 
chamber 30 formed in the front end of a holder 24 for 
housing the stator 23. The merging chamber 30 
constituters a part of the circulating route 14. 
t 0008] A returned-air influx port 24a is formed at 
the front end of the holder 2 4 and a mixed-air outflow 
port 24b is formed on the lower sidewall of the front 
end. The returned-air influx port 24a connected to the 
air exit 13o of the separating unit 13 through an air 
return pipe 25 serving as one component of the 
circulating route 14. The mixed-air outflow port 24b is 
connected to the air suction port 15a of the air pump 15 
through an air-carrying pipe 26 serving as one component 
of the circulating route 14. That is, the toner 
supplying unit 12 is constituted so as to mix the toner 
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T recollected by the cleaning units 6 and 11 with the 
returned air sent from the separating unit 13 through 
the air return pipe 25 by merging the tone T and the 
returned air in the merging chamber 30 and return the 
gaseous mixture to the air pump 15 through the air- 
carrying pipe 26. The air discharge port 15b of the air 
pump 15 is connected to the entrance 13i of the 
separating unit 13 through a mixed-air carrying pipe 27 
so that the gaseous mixture between the toner T and air 
generated in the merging chamber 30 is forcibly sent to 
the separating unit 13 through the mixed-air carrying 
pipe 27 by the air pump 15. Flexible pipes are used for 
the air return pipe 25 and mixed-air carrying pipes 26 
and 27. The gaseous mixture is sorted into air and the 
toner T in the separating unit 13. Then, the air is 
returned to the merging chamber 30 of the toner carrying 
unit 12 through the air return pipe 25 and the toner T 
is sent into the developing apparatus 4. 
[ 0009] FIG. 4 shows a first embodiment of the 

separating unit 13. The internal space of the housing 
13a of the separating unit 13 forms the separating 
. chamber 13b for receiving the gaseous mixture sent 
through the mixed-air carrying pipe 27, moving the toner 
T in the gaseous mixture downward, and leading the toner 
T into the developing apparatus 4 . The lower-end 
opening of the housing 13a of the separating unit 13 is 
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formed so as to have the same shape and same dimensions 
as the upper-end opening of the hopper portion 4A1 of 
the developing apparatus 4 and the housing 13a of the 
separating unit 13 is hermetically connected with the 
hopper portion 4A1 of the developing apparatus. That is, 
the housing 13a of the separating unit 13 is constituted 
separately from the housing 4A of the developing 
apparatus 4 so that the developing apparatus 4 can be 
removed from the separating unit 13 by canceling the 
fixing by the fixing bracket 37. In' FIG. 4, an 
alternate long and short dash line S shows the 
separation position between the developing apparatus 4 
and the separating unit 13 (and so forth) . A gate valve 
31 for preventing gaseous mixture from entering the 
developing apparatus 4 through the separating chamber 13 
is set to the lower portion in the housing 13a of the 
separating unit 13. Either end of the gate valve 31 is 
connected to the inner wall of the housing 13a through a 
hinge member 32 and supported so as to be vertically 
rotatable and always energized in a direction for 
cutting off the inside of the housing 13a, that is, 
upward in the case of this example by a coil spring 33 
set to a hinge portion. An end of a wire 34 for opening 
or closing the gate valve 31 is connected to the front 
end of the gate valve 31. The other end of the wire 34 
is extended to the outside of the housing 13a and 
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connected to the operating portion 36a of an 
electromagnetic solenoid 36 via a pulley 35. Moreover, 
by expanding and contracting the electromagnetic 
solenoid 36 and pulling the wire 34, the gate valve 31 
rotates downward against the energizing force of the 
coil spring 33 and opens, that is, tilts as shown by a 
dotted line shown in FIG. 4 so that the toner T 
deposited on the gate valve 31 drops into the hopper 
portion 4A1 of the developing apparatus 4. The timing 
for opening the gate valve 31 is optional- Therefore, 
it is only necessary that a not-illustrated controller 
operates the electromagnetic solenoid 36 every 
predetermined number of copies or every predetermined 
time, that is, opens the gate valve 31 every 10 copies 
or every 30 sec. In this case, by performing control so 
as to open the gate valve 31 while stopping the air pump 
15, it is possible to prevent the gaseous mixture from 
entering the developing apparatus 4. Therefore, it is 
possible to prevent the toner T from leaking from a gap 
or opening of the developing apparatus 4 together with 
air and flying in all directions. Moreover, by closing 
the gate valve 31, it is possible to prevent the toner T 
from leaking from the separating unit 13 even if the air 
pump 15 is operated while the developing apparatus is 
removed . 
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t 0010] FIG. 5 shows a second embodiment of the 

separating unit 13, in which a screw pump 41 for leading 
only the toner T into the developing apparatus 4 while 
forcibly separating a gaseous mixture entering the 
separating chamber 13b into the toner T and air is set 
to the bottom in the housing 13a of the separating unit 
13. A vertical carrying screw 42 is set above the screw 
pump 41. The screw pump 41 is constituted by a stator 
41a fixed to the inner wall of the housing 13a of the 
separating unit 13 and a rotor 41b coaxially set in the 
stator 41a. The rotor 41b is coaxially connected with 
the vertical carrying screw 42. When the rotation 
driving force of a driving motor 43 set above the 
housing 13a of the separating unit 13 is transferred to 
the vertical carrying screw 42 through a motive-power 
transferring mechanism constituted by belts and pulleys, 
the vertical carrying screw 42 and the rotor 41a of the 
screw pump 41 are simultaneously rotated. In the case 
of this example, the toner T introduced into the housing 
13a of the separating unit 13 as a gaseous mixture and 
deposited due to its own weight is fed to the screw pump 
41 by the vertical carrying screw 42. Then, the toner T 
is agitated in the stator 41a due to the rotation of the 
rotor 41b and forcibly sent and dropped into the hopper 
portion 4A1 of the developing apparatus 4 protruded fro 
the bottom end of the stator 41a. 
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[ 0011] Timings for operating the screw- pump 41 and 

vertical carrying screw 42 are optional. That is, it is 
only necessary that a not-illustrated controller 
operates the driving motor 43 every predetermined number 
of copies or every predetermined time. Moreover, while 
continuously performing copying, it is also allowed to 
continuously supply the toner T into the developing 
apparatus 4 while always rotating the screw pump 41 and 
vertical carrying screw 42 at a low speed. In this case, 
it is possible to prevent a gaseous mixture from 
entering the developing apparatus 4 even while the air 
pump 15 is operated. Therefore, it is possible to 
prevent the toner T from leaking together with air from 
a gap or opening of the developing apparatus 4 and 
flying in all directions. Moreover, by stopping the 
screw pump 41 and vertical carrying screw 42, it is 
possible to prevent the toner T from leaking from the 
separating unit 13 even if the air pump 15 is operated 
while the developing apparatus 4 is removed. 
[ 0012] FIG. 6 is shows a third embodiment of the 

separating unit 13, in which an impeller 51 rotating 
about a horizontal axis by radially holding a plurality 
of blades 51a and a sealing member 52 for sealing the 
gap between the impeller 51 and the inner wall of the 
housing 13a of the separating unit 13 are set to the 
lower portion in the housing 13a. That is, the impeller 
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51 is constituted so as to rotate while slidably 
contacting front ends of the blades 51a with the sealing 
member 52. In the case of this example, the toner T 
introduced into the housing 13a of the separating, unit 
13 as a gaseous mixture and deposited on the impeller 51 
due to its own weight is dropped into the hopper portion 

i 

4A1 of the developing apparatus 4. In this case, the 
gaseous mixture is prevented from entering the 
developing apparatus 4 through the shoring chamber 13b 
by at least two blades 51a contacting with the sealing 
member 52. The timing for operating the impeller 51 is 
optional and it is only necessary that a not-illustrated 
controller operates driving means every predetermined 
number of copies or every predetermined time. Moreover, 
it is also allowed to continuously supply the toner T 
into the developing apparatus 4 by always rotating the 
impeller 51. In this case, it is possible to prevent 
the gaseous mixture from entering the developing 
apparatus 4 even while the air pump 15 is operated. 
Therefore, it is possible to prevent the toner T from 
leaking from a gap or opening of the developing 
apparatus together with air and flying in all directions. 
Moreover, by setting the impeller 51 so as to rotate 
while interlocking with a rotational component such as 
an agitating rod or the like in the developing apparatus 
4, it is possible to securely prevent a trouble that the 
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toner T leaks from the separating unit 13 even if the 
air. pump 15 is operated while the developing apparatus 4 
is removed- Moreover, it is allowed that an image 
bearing member uses not only a drum-shaped 
photoconductor but also an endless-belt-shaped 
photoconductor. It is possible to properly change other 
configurations . 
[ 0013] 

[ Advantages of the Invention] As described above, 

according to the present invention, it is possible to 
prevent toner and air from entering a developing 
apparatus while the toner and air are mixed in an image 
forming apparatus having a toner recycling mechanism for 
forming an image by returning recollected toner obtained 
by recollecting the toner remaining on an image bearing 
member after a transferring step according to an 
electronic photographic system to developing means as a 
gas mixed with air and recycling the gaseous mixture. 
Therefore, it is possible to prevent toner from leaking 
from a gap or opening of the vessel of developing means 
together with air and flying in all directions. 
[ BRIEF DESCRIPTION OF THE DRAWINGS] 

[ FIG. 1] This is an illustration for explaining a 
configuration of an image forming portion showing an 
embodiment of an image reader of the present invention. 
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[FIG. 2] This is an exploded perspective view of an 
essential portion (toner . recycling mechanism) of the 
image forming portion in FIG. 1- 

[ FIG. 3] This is a sectional view showing a structure 

of the toner carrying unit in FIG. 2. 

[FIG. 4] This is a sectional view showing a: first 

i 

embodiment, of a separating unit- j 

[FIG. 5] This is a sectional view showing a i second 

embodiment of a separating unit. 

[ FIG. 6] This is a sectional view showing a third 
embodiment of a separating unit. 

[ FIG. 7] This is an exploded explanation view for 
explaining a main part of a conventional image forming 
apparatus . 

[ FIG. 8] This is an enlarged sectional view for 
explaining another main part of the conventional image 
forming apparatus . 

[ Explanation of Reference Numeral] 

1 photoconductor; 2 electrifying unit; 2 exposing 
unit; 4 developing apparatus; 4 A housing; 4A1 
hopper portion; 4b paddler agitating rod; 4c paddler 
agitating rod; 4d paddler' agitating rod; 5 
transf erring-carrying unit; 7 sheet feeding portion; 
9 a pair of fixing rollers; cleaning unit 11; 12 
toner supplying unit; 12A toner feeding unit; 12B 
fine-particle pump; 13 separating unit (separating 
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means); 13b separating chamber; 13i entrance; 13o 
air exit; 14 circulating route; 15 air pump; 15a 
air suction port; 16 horizontal carrying screw; 17 
rotor; 23 stator; 24 holder; 24a returned-air 
influx port; 24b mixed-air outflow port; 30 merging 
chamber; 25 air return pipe; 26 air-carrying pipe; 
31 gate valve; 32 hinge member; 33 coil spring; 34 
wire; 35 pulley; 36 electromagnetic solenoid; 37 
fixing bracket; 41 screw pump; 42 vertical carrying 
screw; 51a blades; 51 impeller; 52 sealing member 



